ABSTRACT The ability to chronicle transcription-factor binding events throughout the development of an organism would facilitate mapping of transcriptional networks that control cell-fate decisions. We describe a method for permanently recording protein-DNA interactions in mammalian cells. We endow transcription factors with the ability to deposit a transposon into the genome near to where they bind. The transposon becomes a "calling card" that the transcription factor leaves behind to record its visit to the genome. The locations of the calling cards can be determined by massively parallel DNA sequencing. We show that the transcription factor SP1 fused to the piggyBac transposase directs insertion of the piggyBac transposon near SP1 binding sites. The locations of transposon insertions are highly reproducible and agree with sites of SP1-binding determined by ChIP-seq. Genes bound by SP1 are more likely to be expressed in the HCT116 cell line we used, and SP1-bound CpG islands show a strong preference to be unmethylated. This method has the potential to trace transcription-factor binding throughout cellular and organismal development in a way that has heretofore not been possible.
M
UCH of organismal development is transcriptionally regulated. Consequently, considerable effort has been expended to understand the gene expression networks that control cell division, differentiation, and migration. But mapping the transcriptional networks that control cell-fate decisions is difficult given the limitations of the tools available to measure protein-DNA interactions. Methods like ChIP-chip (Boyer et al. 2005) or ChIP-seq (Johnson et al. 2007; Robertson et al. 2007 ) provide a snapshot of transcription factor (TF) binding, but are unable to record transcription-factor binding events. The DamID method (Van Steensel and Henikoff 2000; Vogel et al. 2007 ) can measure where a transcription factor binds with targeted methylation; however, the mark is not permanent as adenine methylation is not recorded through cell division. The transient nature of both these methods makes it difficult, if not impossible, to correlate transcriptionfactor binding events in progenitor cells to the final fates of their progeny cells during development. To fill this experimental void, we developed transposon "calling cards."
We attach the transposase of a transposon to a TF, thereby endowing the TF with the ability to direct insertion of the transposon into the genome near where it binds (Wang et al. 2007) (Figure 1 ). The transposon becomes a calling card that permanently marks the transcription factor's visit to a particular genomic location. By harvesting the transposon calling cards along with their flanking genomic DNA, a genome-wide map of transcription factor binding can be obtained. We harnessed the piggyBac (PB) transposon as a calling card (Cary et al. 1989; Ding et al. 2005) , due to its key advantages over other transposons: it is active in many different species, including yeast (Mitra et al. 2008) , insects (Bossin et al. 2007) , zebrafish (Lobo et al. 2006) , mouse, and human (Ding et al. 2005) , its transposition efficiency is high, and PB transposase is amenable to addition of proteins to its N terminus (Wu et al. 2006; Wilson et al. 2007 ) (Supporting Information, Figure S1 ).
We describe the use of PB calling cards to accurately and reproducibly map the target genes of the transcription factor SP1 in human cells.
with 10% fetal bovine serum (Gibco). To select for PB transposition, G418 was added to the media to a final concentration 700 mg/ml. Cells were cultured at 37°in the presence of 5% CO 2 .
Construction of plasmids
Plasmids pcDNA3.1Dneo-piggyBAC (PB helper), pcDNA3.1Dneo-Gal4DBD-piggyBAC (Gal4-PB helper), and PB donor (Wu et al. 2006) were obtained from Stefan Moisyadi (Hawaii University). To use "gap repair" in yeast cells (Ma et al. 1987; Wach et al. 1994) for engineering this plasmid, all three plasmids were converted into yeast vectors by inserting into their NaeI site a fragment containing CEN6, ARS, and TRP1, amplified from pRS314 (Strathern and Higgins 1991) using primers OM8191 and OM8192, to make pBM5209, and in Gal4DBD-PB helper to make pBM5210. A fragment containing CEN6, ARS, and URA3 sequences, amplified from pRS316 (Strathern and Higgins 1991) using primers OM8193 and OM8194, was cloned into the AflIII site of PB donor plasmid to make pBM5211.
All TF-PB helper constructs were built by gap repair of pBM5210 linearized by digestion with BsrGI. SP1 coding sequences were amplified using OM8747 and OM8748. Yeast cells were cotransformed with each PCR product and linearized pBM5210 selecting for Trp + colonies. DNA extracted from yeast colonies was introduced into Escherichia coli and the plasmid was isolated. Each construct was confirmed by Sanger sequencing.
Transfection of cells and transposition of piggyBac
All plasmids used for transfection of cells were prepared using EndoFree Plasmid Maxi Kit (Qiagen) following the manufacturer's protocol. HCT-116 cells were grown to confluency in a 25-cm flask then dispersed by adding 1 ml Trypsin-EDTA and incubating for 5 min at 37°. Media (9 ml) was added to the flask to resuspend cells thoroughly (10 6 cells/ml). Cell suspension, 0.5 ml, was added into one well of a six-well plate. Cells were grown in a total of 3 ml of media for 2 days until they reached 50-80% confluency. A total of 1 mg of DNA (0.33 mg helper and 0.66 mg donor) was transfected into cells with FuGENE 6 (Roche), following the manufacturer's protocol. After 12 hr, cells were trypsinized and resuspended in 2.3 ml of media. For selection of cells in which piggyBac transposed, several 400 ml aliquots of cells were plated into one 10-cm dish with 10 ml media containing G418 (700 mg/ ml), resulting in five plates for each transfection. For colony counting, 50-ml cells were plated into one 10-cm dish with 10 ml media containing G418 (700 mg/ml) for each transfection. After 7 days of selection in media containing G418, Figure 1 PB calling card-seq. When PB transposase is fused to a DNA-binding protein, it causes PB to integrate into the genome near the binding sites for that transcription factor (TF). After PB transposition, cells that have undergone PB transposition are selected, their genomic DNA is harvested and cleaved with restriction enzymes that cut near the end of the transposon, and the resulting fragments are ligated in dilute solution to favor their circularization. The genomic DNA flanking the end of the transposon is then amplified in an inverse PCR (PCR primers contain the Illumina sequencing primers and adaptors). The identity of the inverse-PCR products is then determined by Illumina sequencing. The Illumina sequences are then aligned to the human genome to identify the location of the PB insertions.
colonies from all five plates were harvested and pooled for DNA extraction. Cells were fixed for counting with PBS containing 4% paraformaldehyde for 1 hr and then stained with 0.2% methylene blue overnight.
Inverse PCR
Genomic DNA was extracted from each sample using DNeasy blood and tissue kit (Qiagen) following the manufacturer's protocol. Each DNA sample was divided into three 2-mg aliquots, each digested by MspI, Csp6I, or TaqI individually. Digested DNA was ligated overnight at 15°in dilute solution to encourage self-ligation. After ethanol precipitation, selfligated DNA was resuspended in 30 ml ddH 2 O and used as template in an inverse PCR. Primers that anneal to PB donor sequences (OM8721 and OM8722) were used to amplify the genomic regions flanking PB, and adapter sequences that allow the PCR products to be sequenced on the Illumina genome analyzer were added. The PCR products were purified using the QIAquick PCR purification kit (Qiagen) and diluted into 10 nM concentration. For each sample, the same amount of PCR product from digestion with each restriction endonuclease was pooled and submitted for Illumina sequencing.
Chromatin immunoprecipitation
HCT116 cells were grown to 50% confluency in a 20-cm dish and transfected with 0.67-mg plasmid expressing SP1 from the CMV promoter with FuGENE 6 (Roche), following the manufacturer's protocol. After 48 hr the cells were crosslinked in 1% formaldehyde and prepared using the EZMagna ChIP A kit according to the manufacturer's instructions (Millipore). Lysed nuclear samples were sonicated on ice to a size range of 150-700 bp. Five micrograms of SP1 (Active Motif, no. 39058) and IgG (Millipore, EZMagna ChIP A kit) were used in the IP with 50 ml of Dyna1 protein G beads overnight at 4°. The precipitated immunocomplex was treated with proteinase K for 2 hr at 65°, and the DNA was purified with the Millipore EZMagna columns. Resultant DNA was prepared according to Illumina's protocol and sequenced on an Illumina GAIIx. Single-end reads were aligned to the human genome sequence (v. hg18) using bowtie (Langmead et al. 2009 ). FindPeaks (Fejes et al. 2008) was used to generate the .wig files for visualization in the UCSC genome browser (Kent et al. 2002) and MACS (Zhang et al. 2008 ) was used to calculate significance of each peak.
Expression analysis
HCT116 cells were grown to 50% confluency in a 20-cm dish and poly(A) + RNA was extracted using DynaI magnetic beads (Invitrogen), following the manufacturer's protocol. The purified RNA was converted to double-strand cDNA using random hexamer primers and resultant DNA was prepared using the Illumina single end library protocol and sequenced on an Illumina GAIIx. Reads were then aligned to the human genome sequence producing a .gtf file corresponding to the transcripts of RefSeq genes from the hg18 build using Tophat ) and quantified with Cufflinks (Trapnell et al. 2010) .
Sequence map back and gene calling Paired reads were filtered by requiring the first bases to contain the end of the PB terminal repeat (to ensure specific amplification) on the first read, and a proper barcode and digestion site on the second read. The nongenomic sequences were trimmed and the remaining sequence from each pairedend read was aligned to hg18 using bowtie (Langmead et al. 2009 ) with the options -best -tryhard -minins 0 -maxins 1200. Reads that could be uniquely aligned counted as an independent insertion for every position for every unique barcode at that position.
The SP1-directed PB insertions were then clustered using a hierarchical clustering algorithm to identify other insertions within 2500 bp. The P-value of this cluster of PB insertions into that region was then modeled as a Poisson distribution, with the number of independent insertions in the "transposase-alone" experiment in the same genomic window setting the expectation. The P-value is then calculated from cumulative distribution function given the observed number of independent insertions in the TF-directed experiment. Since it is rare to find multiple PB insertions at the same TTAA site in the "transposase-alone" experiment, and this number increases dramatically in the TF-directed experiments we assigned an exponential bonus (5 N ) for additional insertions at the same site. Target genes were then assigned to peaks that were within 20000 bp 59 or 5000 bp 39 of the transcription start site for that gene.
Results
We developed a protocol for high-throughput identification of PB insertions in the human genome. Two plasmids-one encoding the PB transposase under the control of a CMV promoter, the other carrying the PB transposon with the neomycin (neo)-resistance gene and a DNA sequence "barcode," were transfected into HCT116 cells. We used a mixture of PB transposon plasmids with different barcodes to enable the identification of multiple independent insertion events at a given site. Cells with PB transpositions were selected in medium containing G418, and their genomic DNA was isolated and cleaved with restriction endonucleases that cut near the end of PB transposon and ligated in a dilute solution to favor recircularization of the fragments. The circular DNA containing the end of the transposon and flanking genomic DNA was amplified in an "inverse PCR" using primers that include the sequences necessary for sequencing on the Illumina instrument. The DNA sequences of the products were determined by paired-end sequencing (Figure 1 ).
Mapping piggyBac transposition directed by the native transposase
Before using our method to record the visits of DNA-binding proteins to the genome, we sought to determine the genome-wide insertion pattern of piggyBac catalyzed by its native transposase. It is known that many transposons show strong preferences for insertion into specific genomic locations (Gangadharan et al. 2010) , but these preferences are not well characterized for piggyBac, since published data sets of insertions in human genomes contain fewer than 1000 mapped locations. We mapped 190,000 independent PB insertion events and found that the distribution of PB insertions was not uniform across the genome ( Figure 2A ). As expected, genomic regions that are enriched for piggyBac's target sequence TTAA were more likely to host PB insertions ( Figure 2B ). We also observed a predilection for PB to insert into open chromatin (P , 2.2 · 10 216 , x 2 test), with increasing enrichment in regions of the genome with higher DNaseI sensitivity scores (Sabo et al. 2006 ) ( Figure  2C ). There was a higher frequency of integration into RefSeq genes and into regions near transcriptional start sites (65 kb) than into randomly selected genomic TTAA sites ( Table 1 ), suggesting that piggyBac integrates close to actively transcribed genes, an observation that is consistent with previous studies (Wilson et al. 2007; Huang et al. 2010) .
Since PB is thought to insert exclusively into the TTAA sequence (Wilson et al. 2007; Mitra et al. 2008) , we were surprised to find that 4% of PB transposons were not flanked by this sequence. These insertion sites could be separated into two classes: in 2.5% of the cases, the transposase appears to have correctly targeted the TTAA sequence, but during the insertion of the transposon there was an addition or deletion of 1-2 bp; the remaining 1.5% of transposition events have a flanking sequence distinct from TTAA, with no TTAA site nearby. These events cannot be explained by The distribution of SP1-PBase catalyzed insertions differs from the distribution of insertions catalyzed by the native transposase with large increases in insertions near transcription start sites and CpG islands.
sequencing error because the flanking sequences exactly match the reference genome. Three of these insertion sites were validated by Sanger sequencing ( Figure S2 ). These results demonstrate that the PB transposon inserts into non-TTAA tetranucleotides at a frequency of approximately 1%. Our data set, which is more than 300-fold larger than the previously largest available data set (Wilson et al. 2007) , provides a more thorough picture of PB insertions across the human genome. The locations of all PB insertions are provided in Table S1 along with the PSWM for the sequences of all PB insertion sites in Figure S3 .
Using PB calling cards to map SP1 binding sites To demonstrate that a transcription factor can direct PB transposition, we fused the PB transposase to the C terminus of the transcription factor SP1 (Wilson et al. 2007) . When this chimeric SP1 binds to its targets, it is expected to direct the insertion of the PB transposon into the genome close to SP1 binding sites (Figure 1 ). Using the PB calling card protocol, we mapped 40,000 insertions directed by SP1-PBase. Their distribution in the genome was dramatically different from the distribution observed with the native PB transposase (P , 2.2 · 10 216 , x 2 test) ( Table 1) . Insertions in cells carrying the SP1-PBase fusion were significantly more clustered than insertions in cells with the native PB transposase, with a fivefold increase in the number of insertion sites with another insertion within 1 kb (P , 1 · 10 23 ; Student's t-test). Furthermore, we observed a 14-fold increase in the number of TTAA sites with multiple PB insertions (P , 1 · 10 23 , Student's t-test). These clusters of insertions appear to be functionally relevant: 44.47% of sites with multiple insertions are within 5 kb of a transcription start site of a RefSeq gene, compared to only 16.53% in the cells with native PBase. The enrichment of insertions into open chromatin was also significantly increased (P , 2.2 · 10 216 , x 2 test) ( Figure S4 ), consistent with the hypothesis that these insertions are more likely to be in regulatory regions. Thus, the fusion of SP1 to the PB transposase dramatically alters the insertion pattern of PB, concentrating the calling cards near promoters of RefSeq genes.
To determine if the SP1-PBase fusion protein deposited calling cards near SP1 binding sites, we created a statistical model to identify genomic loci containing more insertions than expected by chance (see Materials and Methods). We modeled the background distribution of PB insertions using our data set of transpositions catalyzed by native PBase (this is analogous to the IgG pulldown control in ChIP-seq). At a P-value threshold of 1E-3, 6373 significant "clusters" of calling cards were identified (Table S2) , and 83% of these contained an SP1 binding site within 250 bp ( Figure 3A ). Furthermore, we were able to identify the canonical SP1 binding motif of GGGCGGGG when we searched the sequences near clusters of calling cards for a PSWM using AlignACE (Hughes et al. 2000) (Figure 3B ). These results suggest that calling cards mark bona fide SP1 targets and that the SP1-PB transposase fusion is directing transposon insertion close to where the transcription factor is bound.
Because PB prefers to insert at the tetranucleotide TTAA, we were cognizant that the resolution of the method may be limited by the local availability of TTAA sites surrounding the SP1 binding site. To investigate this possibility, we analyzed the distances between SP1 consensus sequences and centers of calling card clusters ( Figure 3C ). The median difference was 6 bp with a standard deviation of 293 bp. The median is on par with the same calculation for ChIPseq data, which can range from 0 to 20 bp (Wilbanks and Facciotti 2010) , although the standard deviation is somewhat higher for calling card peaks than for ChIP-seq, which is typically 20-120 bp. Thus, we conclude that the resolution of the method is not severely limited by PB's insertion preference.
To estimate the positive predictive value of the calling card method, we compared it to the ChIP-seq method. We found that 80% of the SP1-directed calling card clusters had a nearby ChIP-seq peak (within 250 bp); 93% of the clusters had either a nearby ChIP-seq peak or a nearby SP1 site ( Figure 3A) . As a control we performed a similar analysis of calling cards deposited by the native PBase and found that only 5% of them had a nearby SP1 ChIP-seq peak ( Figure  3A) . Thus, we conclude that the calling card method has a high positive predictive value.
To estimate the sensitivity of the method, we created a list of high-confidence SP1 binding targets. To minimize the possibility of including false positives (Kharchenko et al. 2008) , we required that "high-confidence" targets meet multiple criteria: they must appear in TRANSFAC (Matys et al. 2003) , must contain an SP1 binding site, and must be identified by ChIP-seq in two data sets: the first being the ChIPseq experiment, which we performed in the same cell line in which we performed the calling card experiments; the second being an SP1 ChIP-seq data set from the ENCODE project (Valouev et al. 2008) (Table S3 ). The sensitivity of the calling card method was then calculated as the percentage of targets on this list that have a significant calling card cluster. We found that 58% of the high-confidence targets contained significant calling card clusters. We hypothesized Figure 4 The distribution of SP1-directed calling card insertions are enriched around SP1 binding sites (indicated by the light blue triangles) in the promoters of two genes in two biological replicates (indicated by the green diamonds and pink squares). The x-axis specifies genomic position; the y-axis represents the number of sequencing reads for each insertion (indicated by the diamond or square). The ChIP-seq distribution for each position is shown above and shows high spatial concordance with the clusters of calling cards. These clusters are not observed in the background distribution (indicated by dark blue circles) of the native PBase.
that some of the false negatives from these high-confidence targets may be the result of a lack of the required TTAA site near the SP1 binding site and could not allow a PB transposon to insert nearby. To test if there was a TTAA dependency we divided the high-confidence targets into two groups, on the basis of whether they had a TTAA site within 250 bp of its SP1 binding site. We observed a significant deviation between the two groups with a 79% sensitivity for targets near a TTAA site compared to a 38% sensitivity in targets without a TTAA site nearby (P = 0.0012, Fisher's exact test), indicating that some targets may not be identified due to the stringency of the PB transposon.
The calling card clusters displayed a high degree of concordance in two biological replicates with the top 800 clusters identified by two SP1-PBase biological replicates yielding a 72% overlap ( Figure 3D ). In addition, calling card clusters showed a high concordance with the ChIP-seq peaks at target genes (Figure 4) . The P-values for significance in the two calling card biological replicates showed very high correlation (Pearson correlation coefficient, 0.973) (Figure 5 ), suggesting that the calling card method is reproducible and that the number of insertions collected is sufficient to identify most clusters.
SP1 preferentially binds unmethylated CpG islands near expressed genes
SP1 is thought to be a general transcriptional activator whose targets include TATA-less housekeeping genes. It is thought to play a role in regulating the cell cycle, the regulation of apoptosis, and the prevention of methylation at CpG islands (Philipsen and Suske 1999) . A wide variety of gene ontology terms are enriched in SP1 targets identified with calling cards (Table S4) , including the regulation of the cell cycle (GO:0051726, P = 1.89E-3), and the regulation of apoptosis (GO:0042981, P = 1.18E-2), so the target genes identified by calling card are consistent with the known functions of SP1.
Because SP1 is believed to behave primarily as a transcriptional activator (Philipsen and Suske 1999; Wierstra 2008) , we hypothesized that SP1 target genes are more likely to be expressed than genes that are not predicted to be SP1 targets. To test this, we measured transcription levels in HCT116 cells. Both the calling card and ChIP-seq methods identified SP1 target genes whose transcripts were measured above an expression cutoff (see Materials and Methods), with genes identified by calling cards showing a 2.5-fold enrichment and genes identified by ChIP-seq showing a 2.3-fold enrichment ( Figure 5A ).
SP1 has been associated with the initiation and maintenance of methylation-free CpG islands (Lania et al. 1997) . We observed that 49% of all significant SP1 calling card clusters are near CpG islands (within 250 bp). DNA methylation data for the same cell type (Brunner et al. 2009 ) revealed that SP1 preferentially binds unmethylated CpG islands. CpG islands harboring SP1 calling card clusters showed a 22-fold preference to be unmethylated vs. methylated ( Figure 5 , B and C). ChIP-seq revealed a similar 16-fold enrichment of SP1 binding to unmethylated CpG islands. The strong agreement between the SP1 targets identified by calling card insertions and the known functions of this transcription factor further demonstrates that the calling card method identifies functionally relevant SP1 targets. 
Discussion
The calling card method provides an accurate and reproducible way to detect transcription factor binding that is orthogonal to ChIP and may be useful for analysis of the many TFs that appear to be recalcitrant to ChIP analysis (perhaps due to poor antibody quality).
While many calling card clusters show high concordance with ChIP-seq peaks, there are a number of peaks discordant between the two methods. Other orthogonal methods for measuring genomic data can generate disparate results at certain loci; for example, DNA methylation assayed by bisulfite-based sequencing methods and by immunoprecipitation enrichment methods yield similar, but not identical, results, particularly in terms of quantification (Harris et al. 2010) . Of principal concern is the constraint on piggyBac to insert almost exclusively at the sequence TTAA, which can prevent the TF-PBase from recording its visit to regions devoid of that tetranucleotide. We observed 1% PB insertions at non-TTAA sites, raising the prospect of engineering the PB transposase to direct insertions into a broader range of target sequences. Alternatively, it may be possible to use other, more promiscuous transposons.
A second potential limitation of the method is that it currently requires the presence of at least one of the three restriction enzyme cleavage sites to be present in the genomic sequence at an acceptable distance from the transposon (to enable amplification of the inverse PCR product on an Illumina flowcell). This limitation could be overcome by using an alternative recovery protocol, such as a single molecule sequencing platform to map calling cards locations (Harris et al. 2008; Eid et al. 2009 ), a strategy that would potentially eliminate other amplification biases in our recovery protocol.
Another potential limitation is that the method requires fusing a transposase to the TF, which could interfere with the binding of the TF to DNA, or preclude other cofactors from binding to it. This potential problem might be mitigated by testing N-terminal or C-terminal transposase fusions, or a different linker between the TF and the transposase could be used.
Finally, it is possible that the insertion of a transposon near the binding site of a TF may alter expression of the nearby gene. We believe this is not a common occurrence for several reasons. First, our experience applying the calling card method to the more compact Saccharomyces cerevisiae genome revealed no bias against insertion into the promoters of essential genes relative to nonessential genes (Wang et al. 2011) . Second, in this study we found that many essential genes contained clusters of SP1-directed PB transposons near their transcription start sites (Table S5 ), indicating that cells with insertions in the promoters of essential genes remain viable. Finally, the modest transposition rate of PB (Wu et al. 2006) ensures that the probability of observing an insertion in both copies of a promoter in a diploid genome is extremely low.
The principal advantage of the calling card approach is that, unlike either ChIP or DamID, it provides a permanent record of a DNA-binding protein's visit to the genome, thus enabling the method to approach problems that current methods are incapable of addressing. ChIP provides only a snapshot of transcription-factor binding at the moment the protein is cross-linked to DNA. ChIP also necessitates harvesting the cells at the time of cross-linking, making it impossible to connect the measured transcription factor binding events to subsequent fates of the cell. In contrast, calling cards record TF-DNA interactions that occurred at the time in the culture's (or potentially the organism's) development when the TF-PBase was expressed. Those binding events can be identified later, in their descendent cells, because the transposon is a permanent part of the genome. The calling card method holds great promise for understanding transcriptional regulation during cell fate decisions and the essential roles played by transcription factors during differentiation, because their binding patterns in precursor cells can be correlated to resulting cell fates.
We believe our PB calling card protocol is ready to be applied to study cell differentiation in vitro. The transiently transfected PB transposon and transposase plasmids will become diluted with each cell division, such that only the PB transposons that become integrated in the genome will be recovered after cell differentiation and selection. This approach should enable mapping TF DNA-binding events that occur throughout the differentiation of stem cells or during reprogramming of differentiated cells into iPS cells (Takahashi and Yamanaka 2006) . PB calling cards offer a unique opportunity to correlate the binding of TFs in the early stage of cell differentiation or reprogramming with the final outcomes. Ultimately, we expect to be able to use calling cards in vivo to map the protein-DNA interactions that happen in early development in mice by recovering from fully grown animals the calling cards deposited during their development.
Finally, we have demonstrated deliberate delivery of transposons to a specific subset of loci in the human genome. By fusing the PB transposase to different DNA-binding proteins, PB could be delivered to genes involved in specific cellular functions or signaling pathways. By combining PB calling cards with available transposon tools (such as gene traps), one might be able to enrich for transposon insertions in genes of specific pathways for mutagenesis screens. Since piggyBac is active in many different species, including yeast (Mitra et al. 2008) , insects (Bossin et al. 2007) , zebrafish (Lobo et al. 2006) , mouse, and human (Ding et al. 2005) , the calling card method could enjoy wide use.
